Here we report a specific method for the determination and validation of distinguishable standard marker compounds and processed mature silkworm powder with the aim of standardizing the powder to uniformly control it as a raw functional food ingredient. The content of three specific amino acids-serine, glycine, and alanine-were determined using high-performance liquid chromatography. The compounds met the requirement of marker compounds due to their unique repetitive amino acid sequence. The variations of the amounts of serine, glycine, and alanine in the powder were considered to depend on the cultivation and production conditions of the raw ingredient with the sum of three amino acid contents giving the unique quantitative marker compound level.
Introduction
Standardization in health/functional foods involves managing technology and information used during the entire process of food production, from raw material production to manufacturing procedures, for the consistent production of a certified ingredient. Components intrinsic to a food item should not fluctuate as a result of inconsistent production methods. Marker compounds should be designated as indexes of standardization; these should be selective and specific compounds representing the characteristics of the ingredient to be standardized, irrespective of whether they are functional. These marker compounds should be identified and quantitatively analyzed using appropriate methods, the results of which should be accurate, reproducible, and verifiable. [1] [2] [3] Silkworm (Bombyx mori) undergoes four distinctive developmental stages-embryo, larva, pupa, and adult moth. Mature silkworms are defined as those in which the larvae have been cultured till the end of the 3 rd day of the 5 th instar. A characteristic of mature silkworms is their silk glands, which contains silk proteins. [4] Mature silkworm powder is primarily composed of two primary proteins: fibroin (approximately 75%) and sericin (approximately 25%). The amino acid composition of fibroin is mainly glycine (43%), alanine (30%), and serine (12%), and its distinctive, repetitive hexapeptide sequence of glycine-alanine-glycinealanine-glycine-serine (Gly-Ala-Gly-Ala-Gly-Ser) forms stable anti-parallel β-sheet crystallite structure. In contrast, sericin contains approximately 30% serine, which functions as an adhesive binder to maintain the structural integrity of protein fibers. [5] [6] [7] [8] [9] [10] In contrast to mature silkworm, immature silkworm has been reported to be effective in controlling blood glucose levels. [10, 11, 12] Furthermore, recently mature silkworm has also been reported to have diverse health benefits. [13] [14] [15] [16] [17] Mature silkworm powder is processed from mature silkworms by steam-mediated thermal treatment followed by freeze-drying.
The purpose of this study was to determine and characterize marker compounds for the standardization of the functional food ingredient, mature silkworm powder, proposing a new standard, and specification levels suitable for controlling its quality, when applied to health/functional foods. The method validated in this study used high-performance liquid chromatography (HPLC) with dabsyl chloride as a derivative agent to specifically and precisely measure the serine, glycine, and alanine content in processed mature silkworm powder. To control the quality of the processed mature silkworm powder harvested under different conditions through the validated method, the standards and specifications of the raw materials as well as manufacturing process for the standardization of the raw materials were established.
Materials and methods

Materials
The amino acid standards L-Serine (Ser), L-Glycine (Gly), and L-Alanine (Ala) and the derivatization agent dabsyl chloride were obtained from Sigma Aldrich Chemical Co. (St. Louis, MO, USA) and acetonitrile was purchased from J.T Baker (Phillipsberg, NJ, USA). All other chemicals and the solvents used were HPLC-grade. Hydrochloric acid (HCl; 6 N) used for acid hydrolysis was obtained from Daejung (Siheung, Gyeonggi-do, Korea). Prior to analysis, a mixture of 35 mM sodium acetate buffer and 90% acetonitrile was prepared for use in mobile phases. Processed mature silkworm powder was cultivated and produced in various areas in the Republic of Korea including Sancheong Kyungnam, Boeun Chungnam, and Buan Jeounbuk, different seasons, spring and fall, of the year.
Manufacturing process of mature silkworm powder
The manufacturing process of mature silkworm powder is shown in Fig. 1 . Silkworms that had been cultivated till the 3 rd day of the 5 th instar were collected, washed, and steamed at 100°C. for 120 min. Thereafter, it was cooled at −20°C. and lyophilized for 3 days to grind to about 0.01 mm. In the Republic of Korea, mature silkworm is harvested in spring (May) and fall (August), and harvesting is affected by climate, and soil for 1 year and to derive comprehensive results to secure the standardized manufacturing process of processed raw materials.
Preparation of sample solution
For amino acid analysis, proteins were subjected to elevated temperatures under acidic conditions to break down their peptide bonds and produce free amino acids. [18] Approximately 0.1 g of the processed mature silkworm powder was suspended in 1 mL of 6 N HCl, and the capped tubes containing these were treated at 105°C. for 24 h to achieve complete hydrolysis. [19] After hydrolysis, the residue was diluted to 50 mL with distilled water (DW) and filtered through a 0.45-μm nylon membrane filter (Hyundai Micro Co., Seoul, Korea). The hydrolysate was diluted 20-fold with 0.84% sodium bicarbonate solution (w/v) and used as the sample solution.
Preparation of amino acid standard solutions
Each amino acid standard stock solution was prepared by dissolving 10 mg of serine, glycine, and alanine separately in 10 mL 0.84% sodium bicarbonate solution (w/v) to obtain a final concentration of 1 mg/mL. The working solution was diluted with 0.84% sodium bicarbonate (w/v) to obtain 3.125, 6.25, 12.5, 25, 50, and 100 μg/mL solutions.
Derivatization with dabsyl chloride
The derivative agent, dabsyl chloride was dissolved in acetonitrile and prepared at a concentration of 3.0 mg/mL. Totally, 1 mL of the sample solution was mixed with 1 mL of the dabsyl chloride solution, and the mixture was reacted at 65°C. for 30 min. It was then cooled to room temperature; then 2 mL of acetonitrile was added, and the solution was mixed and filtered through a 0.45-μm polytetrafluoroethylene (PTFE) membrane filter (Millipore, Billerica, MA, USA). The filtrate was injected into the HPLC apparatus (Nanospace SI-2, Shiseido, Tokyo, Japan), which was equipped with a UV detector (UVD).
Instrumentation and conditions
HPLC analysis was performed on Shiseido Nanospce SI-2 (Shiseido, Tokyo, Japan) coupled with a UVD. The amino acid standards and samples were analyzed on a Capcell Pak C18 MG column with dimensions of 3.0 mm × 150 mm and 3 μm of particle diameters (Shiseido, Tokyo, Japan). The flow rate was maintained at 0.4 mL/min, and a 5 μL sample volume was injected in all experiments. Separation was achieved through gradient elution with a mixture of 35 mM sodium acetate buffer and 90% acetonitrile and was monitored by a UVD set at 436 nm. The column temperature was 40°C. and the run time was 55 min. The HPLC operation conditions for amino acid analysis are shown in Table 1 .
Method validation
The analysis method described was validated to ensure that test conditions and results were reliable, consistent, and reproducible. Parameters including specificity, linearity, precision, accuracy, limit of quantification (LOQ), and limit of detection (LOD) were assessed according to the International Council on Harmonization (ICH) guidelines. [20] Results and discussion
Background
Due to the repetitive amino acid sequence of Gly-Ala-Gly-Ala-Gly-Ser in fibroin, the sum of the levels, rather than the individual levels, of serine, glycine, and alanine was calculated. An analytical method was established and validated by the ICH guidelines, demonstrating specificity, linearity, precision, accuracy, LOQ, and LOD, and was applied to both a standard amino acid mixture and a processed mature silkworm powder hydrolysate. Summarizing these analytical data, a new standard and specification level could be presented for the quality control of mature silkworm powder as a standardized functional food ingredient.
Method validation
Specificity Specificity is the ability to unequivocally assess the analyte in the presence of any other components that may be present. This attribute was assessed by comparing retention times obtained in the standard amino acid mixture with those of the hydrolyte obtained in processed mature silkworm powder and was evaluated based on the chromatogram obtained by HPLC analysis of the treated preparations. Peaks were clearly distinguishable from the baseline (Fig. 2) , which confirmed that serine, glycine, and alanine were selectively separated. The retention time of serine, glycine, and alanine were 25.796, 27.423, and 28.201 min in the standard, respectively, and 25.635, 27.288, and 28.061 min in the samples, respectively.
Linearity
Linearity denotes the ability of a given method to provide results proportional to the concentration of a substance within a given application range. [20] The linearity of the method detailed in this study was assessed by analyzing six concentrations ranging from 3.125 to 100 μg/mL and each sample was trialed three times. Linearity was confirmed by the correlation coefficient values obtained from the prepared calibration curve and residual distribution plot. The correlation coefficients (R 2 Þ of serine, glycine, and alanine were over 0.999 and the residual distribution of each was plotted (Fig. 3) . Evidence of linearity for serine, glycine, and alanine is supported by the random scatter shown on the residual distribution plots. [1] Precision and accuracy Overall precision was measured by repeatability (intra-day) and intermediate precision (inter-day). Intra-day precision was analyzed three times per day, and inter-day precision was analyzed on three different days. Precision of the method was defined as the measurements from the three different samples under the same conditions that contained targeted analytes spiked at three concentrations (6.25, 25, and 100 μg/mL) covering the working range and was ultimately quantitatively expressed as relative standard deviation, i.e., the ratio of standard deviation to the average of each result. The relative standard deviations of serine, glycine, and alanine were calculated to be ≤6% (Table 2) . Additionally, the % recovery, an index of accuracy, of each amino acid was ranged from 90.94% to 105%. Recovery is defined as the recovered concentration of the estimated measurements against the actual concentration and represents consistency between the true value and the estimated value; a range of 90-110% recovery is considered acceptable.
[21] % recovery ¼
C f : Concentration of the spiked sample, C u : Concentration of the sample, C a : Concentration of the standard
Limit of quantification (LOQ) and limit of detection (LOD)
The LOQ and LOD of serine, glycine, and alanine were 0.88, 3.37, and 2.79 μg/mL and 0.33, 1.11, and 0.92 μg/mL, respectively ( Table 3) . The LOQ and LOD were calculated using the following equation: [20] LOQ σ: Standard deviation of the y-intercept, S: Slope of the regression line determined from the calibration curve.
Application of the validated method
The validated method was applied to the targeted analytes, the results of which are shown in Table 4 . Considering the variations in the processed mature silkworm powder produced depending on the producing area and season, the content of the three specific amino acids-serine, glycine, and alanine-representing the distinguished processed mature silkworm powder was analyzed. Based on the analyzed amino acid contents under various production the sum of the three amino acids-serine, glycine, and alanine-was considered to be the marker for the standardization, with the value 200-300 (± 50) mg/g of processed mature silkworm powder set as the threshold. 
Conclusion
In the present study, based on data from six batches under different conditions, the manufacturing process of mature silkworm powder was standardized, proving the regularity of qualities. A method for the simultaneous determination of serine, glycine, and alanine contents in processed mature silkworm powder using HPLC with UVD was evaluated and validated, the purpose of which was to establish distinguished marker compounds that represent the characteristic of processed mature silkworm powder and to determine the standard and specification values to uniformly control the quality of the ingredient as functional food uses. The validated method was proven to be reproducible and accurate based on the analyses of parameters including specificity, precision, accuracy, linearity, and the LOD and LOQ, according to the ICH guidelines; this allowed the determination of the serine, glycine, and alanine contents as candidates of the distinguishable marker compounds in the ingredient. Based on the analyzed amino acid contents under various production conditions, the sum of the contents of the three amino acids-serine, glycine, and alanine-was considered and the marker and the quantitative level of the sum was to be proposed as a standard. These findings indicate that due to the unique repetitive amino acid sequence Gly-Ala-Gly-Ala-Gly-Ser in fibroin in Bombyx mori, the sum of the contents of the three specific amino acids-serine, glycine, and alanine-is defined as a specific marker for the standardization of processed mature silkworm powder, and the threshold value for the standardization was considered to be 200-300 (± 50) mg/g of the processed mature silkworm powder for practical regulatory consideration of standardization.
